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§ 1 0. Plasma Production with ECH in CHS 
Idei, H, I<:ubo, S and Tanaka, K. 
Since the ohmic discharge is not available 
for the currentless plasmas in the helical sys-
tem, the plasma is usually produced with elec-
tron cyclotron heating(ECH). l\1ost attractive 
method is the X-mode injection from the high-
field side(HFS) with fundamental ECH. How-
ever, since the HFS areas are located near the 
helical winding coils, the HFS injection is gen-
erally difficult in the heliotronftorsatron. The 
ECH power should be injected from the low-
field side(LFS). In this case, the 0-mode injec-
tion is used due to the accessibility problem for 
the X-mode injection, and the advantage of a 
heating efficiency for plasmas with the moder-
ate electron temperature. For the plasma pro-
duction with second harmonic ECH, the X-mode 
injection from LFS is used. The plasmas ab-
sorb the ECH power with both the fundamental 
0-mode and second harmonic X-mode, by the 
finite-Larmor effect. The build-up of the plasma 
density, in particular using the second harmonic 
ECH, is discussed here, by taking into account 
the wave-plasma interactions. 
Figure 1 shows the the dependence of the line-
integrated density of off-axis code on that of the 
on-axis code for the plasmas with second har-
monic ECH. Since the build-up of the density is 
sensitive to the wall condition ( Zeff and so on 
as physical quantities ) , the profile structure is 
only investigated with comparison bet\veen the 
line-integrated densities of on-axis and off-axis 
codes. Here, the z coordinate shows the verti-
cal position at the poloidal-cross section. In the 
z==5.3cm and 11.6cm codes, the densities in the 
regions of p > 0.3 and p > 0.7 are integrated, 
respectively. In Fig.l (b) for the z== 11.6cm code, 
the delay in the build-up of the off-axis den-
sity compared with that of the on-axis density 
is clearly observed in the case of the X-mode 
injection. Since the one-path absorption with 
the second harmonic X-mode injection is weak 
in this production phase, the 1node scramble 
due to the multiple-reflection at the \vall oc-
curs. However, the absorption for 0-1node in 
the phase is poorer, compared to that for X-
mode. With well-focused injections, the plasma 
may be mainly produced at the second harmonic 
resonances where the power density of X-n1ode is 
higher, for instance, around the center in on-axis 
heating. In the plasma production with the fun-
damental ECH, the delay on the density rise is 
not observed at all. Since one-path absorption 
for 0-mode is poorer than that for X-mode in 
the build-up phase, power injected is absorbed 
with X-mode in the wide radial-regions after be-
ing multiple-reflected, in spite of well-focused 
injections. In addition to the absorption with 
the X-mode, the power is absorbed near upper 
hybrid resonances by mode conversion from X-
mode to electrostatic modes. The broadness of 
the density profile is observed in the build-up 
phase with the fundamental ECH. 
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Figure 1 Dependence of the line-integrated 
density of off-axis code[ ( a)z==5.3cm and 
(b )z==11.6cm] on that of the on-axis code for the 
plasmas with second harmonic ECH. 
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